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[57] ABSTRACT 
A single canister process container for reprocessing and 
permanent storage of spent nuclear fuel assemblies com 
prising zirconium-based cladding and fuel, which pro 
cess container comprises a collapsible container, having 
side walls that are made of a high temperature alloy and 
an array of collapsible support means wherein the con 
tainer is capable of withstanding temperature necessary 
to oxidize the zirconium-based cladding and having 
sufficient ductility to maintain integrity when collapsed 
under pressure. The support means is also capable of 
maintaining their integrity at temperature necessary to 
oxide the zirconium-based cladding. The process con 
tainer also has means to introduce and remove ?uids to 
and from the container. 

5 Claims, 3 Drawing Sheets 
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CONTAINER FOR REPROCESSING AND 
PERMANENT STORAGE OF SPENT NUCLEAR 

FUEL ASSEMBLIES 

This invention relates to a process for reprocessing 
spent nuclear fuel and more particularly to an inte 
grated process where nuclear fuel is reprocessed in a 
single containment vessel and that vessel is also used as 
the disposal container. The invention was developed 
pursuant _to a contract with the United States Depart 
ment of Energy, contract number DE-ACOS 
84OR21400. 

BACKGROUND OF THE INVENTION 

In a nuclear reactor, fuel rods made of ?ssionable 
material such as uranium and plutonium undergo nu 
clear ?ssion that converts the fuel to other elements, the 
products of the ?ssion reaction. The conversion of the 
?ssionable material is signi?cant because it must eventu 
ally be replaced if the reaction is to be maintained. 
Therefore, it is necessary to constantly remove the 
products of the reaction and replace them with more 
?ssionable material. Since the ?ssionable material is 
expensive, it is feasible to reprocess the fuel rods by 
removing the products of the reaction. The ?ssionable 
material remaining after the contaminating products 
have been removed can then be returned to the reactor 
for further reaction. 
Although it is economically feasible to recover nu 

clear fuel, it is still extremely expensive, about $1000 per 
kg. This is due to the very high radioactivity of the 
spent fuel that makes it dangerous to handle, and the 
many mechanical and chemical steps involved that must 
be performed without operator exposure. Each major 
process that requires separate processing equipment 
carries a very high cost because of the radiation shield 
ing requirements and the necessity of remote handling 
operations. 

Therefore there is a continuing need to provide a 
method for reprocessing nuclear fuel that minimizes the 
number of separate processing steps needed so that 
shielding and remote operation costs can be reduced. 

SUMMARY OF THE INVENTION 

In view of the above needs, it is an object of this 
invention to provide a process for recovering spent 
nuclear fuel that has a minimum of separate processing 
steps. 

It is another object of this invention to provide a 
process for removal of ?ssion material and disposal of 
radioactive products in the same container. 
An additional object of this invention is to provide an 

article of manufacture that can be used for both the 
removal of nuclear fuel from contaminated rods and 
also the disposal of radioactive ?ssion products. 

Additional objects, advantages and novel features of 
the invention will be set forth in part in the description 
which follows, and in part will become apparent to 
those skilled in the art upon examination of the follow 
ing or may be learned by practice of the invention. The 
objects and advantages of the invention may be realized 
and attained by means of the instrumentalities and com 
binations particularly pointed out in the appended 
claims. 
To achieve the foregoing and other objects and in 

accordance with the purpose of the present invention, 
as embodied and broadly described herein, the appara 
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2 
tus of this invention may comprise a cylindrical con 
tainer that is sealable and collapsible, having walls that 
are made of a high temperature alloy capable of with 
standing temperatures necessary to oxidize zirconium 
based cladding. Within the container there is an array of 
collapsible support means for holding zirconium-based 
cladding fuel assemblies that will allow intimate contact 
of fluids with the assemblies. The support means also 
must maintain its integrity at temperatures necessary to 
oxidize zirconium. There is also a means to introduce 
?uids into the sealed container as well as a means to 
remove ?uids from the container. 
The invention is also a process for extracting uranium 

and plutonium fuel in the reprocessing of spent nuclear 
fuel assemblies by heating the assemblies to a tempera 
ture suf?cient to oxidize the zirconium-based cladding 
in the presence of oxygen and a catalyst gas, the catalyst 
gas being capable of lowering the oxidation temperature 
to about 1000‘ C. 

This invention provides an apparatus and processes 
that are improvements over the conventional reprocess 
ing techniques that required a great amount of shielding 
and remote handling which were expensive and diffi 
cult. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA-lC show a single canister process con 
tainer and its characteristics. 
FIG. 2 is a comparison of the process equipment 

requirements of the claimed process and the conven 
tional process. 
FIGS. 3A-3F show a diagram of the process opera 

tions for reprocessing spent nuclear fuel using a single 
canister process container. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

This invention is a method to reprocess zirconium 
alloy clad spent fuel containing uranium and/or pluto 
nium in the chemical form of metal, metal oxide, metal 
nitride or metal carbide. The reprocessing includes both 
the chemical removal of products from the spent fuel as 
well as the chemical and mechanical processing re 
quired for conversion of the waste into a form suitable 
for ?nal disposal. 
The novel aspects of the invention include not only 

an unconventional chemical reaction process but also a 
new apparatus, a single canister process (SCP) con 
tainer where many steps are integrated and executed 
inside a single closed container. 
The chemical reaction process of this invention in 

volves heating to extremely high temperatures, high 
enough to destroy the integrity of the zirconium-based 
cladding resulting in a powdered zirconium oxide prod 
uct and exposing the uranium and plutonium to enable 
easy chemical removal for reprocessing. This is made 
possible by the use of the SCP container that is used not 
only as a process container, but also as the disposal 
container. Using conventional equipment, this process 
would not be feasible due to the radioactive contamina 
tion resulting from such a high temperature process and 
the expense of disposing of the conventional equipment 
after contamination. 
The novel SCP container, FIG. 1A, is the location 

for most of the chemical process steps. One or more fuel 
assemblies are placed in the SCP container which has 
multiple entry and exit tubes. It has ?uted walls and is 
made of metals capable of withstanding high tempera 
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tures for about l00 hours. Fuel elements are placed 
inside the container that is then sealed. This operation 
can be performed in a spent fuel storage pool or a hot 
cell. 
The container is then heated to between 800° C. and 

1200" C. while oxygen mixed with nitrogen is slowly 
introduced into the cylinder in such a manner that it 
comes into intimate contact with the fuel assemblies. 
There is a simultaneous slow bleed of gases from the 
cylinder to an off gas system. These gases include the 
?ssion product gases, such as 1;, B20, C02, Xe and Kr, 
as well as excess nitrogen after the depletion of oxygen. 
Under these conditions the key chemical reactions are 

These reactions are meant to be illustrative and not 
intended to exclude other oxidation reactions that oc 
cur. Other chemical forms of uranium, as well as pluto 
nium, present, such as nitrides and carbides, will also be 
converted to the oxide form. These reaction equations 
are not intended to be stoichiometric but rather to indi 
cate that there is a mixture of oxides resulting from the 
process. 

In this high temperature process there is total zirco 
nium clad failure, converting what was before a high 
temperature alloy to a powder form. This allows oxy 
gen and chemicals later in the process access to the 
uranium and plutonium fuel that had been previously 
protected by the clad. The various volatile ?ssion prod 
acts are driven off. 
FIG. 2 compares the conventional method for repro 

cessing nuclear fuels and the method of this invention. 
Each process step, indicated by a separate box, is per 
formed in separate process equipment. It is clear that 
the conventional method shown on the right involves 
signi?cantly more equipment than the method of this 
invention, shown on the left. Furthermore, it requires 
the mechanical transfer of highly radioactive solids, 
such as sheared fuel, cladding and undissolved residues, 
to and from separate process equipment. The steps in 
the center of the diagram are common to both pro 
cesses. 

First the excess hardware associated with spent fuel is 
removed. This is a standard commercial operation 
which can be conducted in a pool or hot cell and is 
common to both processes. The ?rst process step of the 
invention is to load spent fuel into the SCP container 
and weld the container shut. 

In the second step of the invention the canister is 
heated to about 800° C. to 1000‘ C. or more while ad 
mitting oxygen to oxidize the cladding and spent ura 
nium and plutonium fuel. This process also destroys the 
zirconium cladding integrity and expose the zirconium 
and plutonium for later chemical reactions. Other cata 
lyst gases, such as nitrogen, can also be admitted and are 
desirable to lower the oxidation reaction temperature of 
oxygen with the zirconium clad. 
Compared with the process of this invention, the 

conventional process requires the rods to be chopped 
into small pieces to break the zirconium clad integrity, 
that the pieces be placed in a furnace and heated to 
oxidize the plutonium and uranium to convert them to 
higher oxides and drive off the volatile ?ssion products. 
This process, known as voloxidation, does not oxidize 
signi?cant quantities of zirconium due to the tempera 
ture limitations of the conventional process equipment. 
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4 
Compared to the one step oxidation of the entire rod in 
the canister, the conventional process is expensive, time 
consuming. requires signi?cantly more equipment, and 
is not as ef?cient. 
The third step is dissolution of the uranium and pluto 

nium with a dissolution agent such as nitric acid fol 
lowed by separation of plutonium, uranium and other 
valuable materials from the aqueous process streams. 
The operations of this step include spent fuel dissolu 
tion, venting of the offgases from dissolution, ?ltering 
of liquor from the dissolver and solvent extraction to 
recover products. To aid in dissolution the container 
can use techniques to assure mixing, such as ultrasonic 
mixers, ?ow mixers and physical rocking of the canis 
ter. All of the operations, except solvent extraction, can 
be performed within the SCP container. 

In a conventional plant, solids from the shear are 
placed in a dissolver vessel with nitric acid for dissolu— 
tion of uranium and plutonium. Liquid is ?ltered from 
the dissolver vessel after which solid cladding hulls are 
removed and packaged as waste. The ?lter residues 
must be removed from the ?lters and packed for waste 
disposal as well. In the process of the invention, these 
steps are all performed within the SCP container. 

In both the conventional process and the process of 
the invention the aqueous solution containing the fuel to 
be recovered is removed from the dissolver vessel and 
the SCP container, respectively, and then subjected to 
solvent extraction to remove the uranium and pluto 
nium fuel from the solvent, which still contains dis 
solved waste. 

In the process of the invention this waste is returned 
to the SCP container for disposal. It is chemically pro 
cessed with appropriate solidi?cation agents, known to 
persons of ordinary skill in the art, and may be either 
dried and pneumatically transferred or pumped as a 
slurry back into the SCP container. Other secondary 
wastes may also be disposed of by placement within the 
container using similar processes. 
Now the SCP container holding oxidation products 

of the cladding material, radioactive products of the 
?ssion reaction, wastes from the solvent extraction pro 
cess and solidi?cation agents is ready for disposal. 
The SCP container is hot pressed to compact the 

disposal product. This process is the same as that per 
formed in the disposal of high level waste as synrock. 
The compression is facilitated by the fluted shape of the 
SCP container. ' 

Turning to the canister, for the purposes of the heat 
ing and oxidation step, it must be made of a material that 
can withstand high temperatures under extreme chemi 
cally oxidizing conditions. Examples of appropriate 
metals include nickel aluminidcs and other nickel-based 
alloys. These are only examples; other metals could be 
selected by persons of ordinary skill in the art of metal 
lurgy. It is important to point out that the criteria for 
selection is broadened by the fact that the canister is 
subjected only to low stresses, it needs to perform less 
than 100 hours and signi?cant changes in dimension, up 
to 10%, are acceptable. The ?nal hot pressing step re 
converts the SCP package to a standard diameter for 
ease of handling during disposal operations. Since the 
canister is used for such a short time and it is disposable, 
it can be used under higher temperatures and more 
aggressive chemical conditions than permanent equip 
ment could be subjected to. 
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Canisters of different sizes can be used. FIG. 1A 
shows a canister for 13 pressurizes water reactor fuel 
assemblies. The canisters are made of corrugated mate 
rials to assure easy compression of the canister when 
?lled with waste. Parts of the canister that are in 
contact with zirconium cladding material have ceramic 
coatings to prevent local canister melting due to exo~ 
thermic oxidation reactions of spent fuel and cladding. 
The exit tubes to the canister have ?lters to assure only 
clean liquids and gases exit the canister. The boxes con 
taining the fuel rods must be open to ?uid ?ow so the 
chemical reactants are in intimate contact with the rods 
in order to effect leaching. 
The composition and process described in the follow 

ing example is intended to be illustrative and not in any 
way a limitation on the scope of the invention. Persons 
of ordinary skill in the art should be able to envision 
variations on the general principle of this invention that 
fall within the scope of the generic claims that follow. 

EXAMPLE 

The process is schematically set forth in FIG. 3A 
through 3F. In FIG. 3A spent assemblies or pins 1 are 
placed within an SCP container 3 and the container is 
welded shut, FIG. 3B. The SCP canister, FIG. 3C, is 
placed in a furnace 5 and heated to about 800° to 1000" 
C. At the same time, a gas stream containing oxygen is 
introduced through an entrance port 7 to cause oxida 
tion of zirconium cladding as well as the spent fuel. The 
oxidation of the zirconium cladding exposes the ura 
nium and plutonium fuel for later chemical dissolution,_ 
while oxidation of the fuel places it in a chemical form 
that is easily dissolved. Fuel oxidation also breaks up the 
spent fuel by expansion caused by chemical conversion 
of dense U01 to less dense U303 which aids the later 
dissolution steps. Off gases from this process are re 
moved through an exit port 9. A heat exchanger 11 can 
be used to cool or heat the oxygen containing gas 
stream to better control the rate of the oxidation reac 
tion. After oxidation, the canister is removed from the 
furnace and dissolution agents ar introduced into the 
system, FIG. 3D, at a point 17 and the moved into the 
SCP canister through an entrance port 13 using a circu 
lation pump 19. The dissolution is aided by the use of 
the circulating pump that keeps dissolution agents mov 
ing through the SCP canister and a heat exchanger to 
control dissolution temperatures. This entrance port 13 
can be the sam port used to introduce the gas stream. 
The acid dissolution agent contacts the oxidized fuel 
and other wastes and causes dissolution. The primary 
product of clad oxidation, ZrOg, is insoluble and re 
mains in the container. The aqueous stream containing 
the dissolved fuel is removed through an exit port 15, 
which can be the same exit port that carried the off 
gases. The aqueous stream is removed to a separation 
facility 21 where uranium and plutonium are removed 
from the aqueous stream by solvent extraction. The 
volume of liquid needed to dissolve the uranium and 
plutonium fuel is much larger than the SCP container 
volume, thus, there is a continuous addition of acid 
solution into the loop with continuous dissolution, re 
moval and transfer to the separation facility. A heat 
exchanger 23 cools or heats the dissolver solution as 
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6 
required. At the end of the cycle the container is 
drained of all liquid, at a point in the system 21, which 
is sent to the separation facility. The waste containing 
?ssion products that has been separated from the recov 
ered fuel is chemically processed to the appropriate 
waste form with appropriate solidi?cation agents added 
during processing, and is then returned to the SCP 
canister, FIG. 313, through an entrance port 25. The 
selection of the agents can be done by any person of 
ordinary skill in the art. The SCP canister is again 
placed in a furnace 27 and heated to calcine the wastes 
and convert ?ssion products to high density waste form. ' 
An alternative method is to calcine the wastes in sepa 
rate process equipment and pneumatically transfer the 
calcine to the SCP container. During the heating step, 
steam and calcine gases are removed through an off-gas 
port 29. Finally the canister is compressed, FIG. 3F, by 
hot pressing to produce a high integrity waste form. For 
a typical synrock waste the canister would be heated to 
about 1050° C. then compressed at pressures up ti 20 
MPa. This heat and temperature cycle is the ?nal pro 
cessing step in formation of the ?nal waste form. 
The result is a high integrity waste form comprising 

synrock mixed with zirconium oxide, one of the most 
inert, refractory materials known. The high pressure 
operation encapsulates the synrock in a matrix of 21'02 
creating a low bulk leach rate for the waste form. This 
synrock-ZrO; matrix is itself within the SCP canister 
for further shielding. The metal not only acts as a pack 
age, but also the high thermal conductivity of the metal 
provides a high thermal conductivity waste form that 
minimizes the maximum temperatures within the waste 
and reduces temperatures at the centerline of the new 
waste package. 

I claim: 
1. A single canister process container for both repro 

cessing and permanent storage of spend nuclear fuel 
assemblies, said fuel assemblies comprising zirconium 
based cladding and fuel, comprising: 

a collapsible container, having walls that are made of 
a high temperature alloy capable of withstanding 
temperatures necessary to oxidize zirconium-based 
cladding and having sufficient ductility to maintain 
integrity when collapsed under pressure; 

within said container an array of collapsible support 
means suitably con?gured to hold fuel assemblies 
and allow intimate contact of ?uids with said as 
semblies, said support means capable of maintain 
ing their integrity at temperatures necessary to 
oxidize said zirconium-based cladding; 

a means to introduce ?uids into said container; 
a means to remove ?uids from said container. 
2. The container of claim 1 wherein said container is 

cylindrical. ' 

3. The container of claim 1 wherein said high temper 
ature alloy‘ consists essentially of a nickel-based alloy. 

4. The container of claim 3 wherein said nickel-based 
alloy is nickel aluminide. 

5. The container of claim 1 wherein said support 
means consists essentially of a high temperature ce 
ramic. 
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